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1s provided. The telecom node 1s comprised in a cellular
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METHOD AND ARRANGEMENT FOR GRACE
PERIOD CONTROL ASSOCIATED WITH A

SERVICE LEVEL IN A CELLULAR
COMMUNICATIONS SYSTEM

TECHNICAL FIELD

The present invention relates to a telecom node and method
in a telecom node. In particular, 1t relates to improvements of
controlling a grace period associated with a licensed capacity
usage 1n the telecom node.

BACKGROUND

In a typical cellular radio system, also referred to as a
wireless communication system, user equipments, also
known as mobile terminals and/or wireless terminals com-
municate via a Radio Access Network (RAN) to one or more
core networks. The user equipments may be mobile stations
or user equipment units such as mobile telephones also
known as “cellular” telephones, and laptops with wireless
capability, e.g., mobile termination, and thus may be, for
example, portable, pocket, hand-held, computer-included, or
car-mounted mobile devices which communicate voice and/
or data with the radio access network.

The radio access network covers a geographical area which
1s divided into cell areas, with each cell area being served by
a base station, e.g., a Radio Base Station (RBS), which 1n
some networks 1s also called “eNB”, “eNodeB”, “NodeB” or
“B node” and which 1n this document also 1s referred to as a
base station. A cell 1s a geographical area where radio cover-
age 1s provided by the radio base station equipment at a base
station site. The base stations communicate over the air inter-
face operating on radio frequencies with the user equipment
units within range of the base stations.

In some versions of the radio access network, several base
stations are typically connected, e.g., by landlines or micro-
wave, to a Radio Network Controller (RNC). The radio net-
work controller, also sometimes termed a Base Station Con-
troller (BSC), supervises and coordinates various activities of
the plural base stations connected thereto. The radio network
controllers are typically connected to one or more core net-
works.

A cellular telephone network according to the Long Term
Evolution (LTE) specifications 1s an example of a telecom
network of today. The LTE specifications can be seen as an
evolution of the current wideband code division multiple
access (WCDMA) specifications. An LTE system uses
orthogonal frequency division multiplex (OFDM) as a mul-
tiple access technique (called OFDMA) 1n the downlink (DL)
from system nodes to user equipments (UEs). LTE channels
are described 1in 3GPP, as well as Physical Channels and
Modulation, among other specifications. An International
Mobile Telecommunications-Advanced (IMT-Advanced)
communication system uses an iternee protocol (IP) multi-
media subsystem (IMS) of an LTE, high-speed packet access
(HSPA), or other communication system for IMS multimedia
telephony (IMT). Inthe IMT advanced system (which may be
called a “fourth generation” (4G ) mobile communication sys-
tem), bandwidths of 100 MHz and larger are being consid-
ered. The Third Generation Partnership Project (3GPP) pro-
mulgates the LTE, HSPA, WCDMA, and IMT specifications,
and specifications that standardize other kinds of cellular
communication systems.

Telecom nodes such as base stations are allotted a limited
amount of capacity usage in the form of licenses from opera-
tors of telecommunication networks. The capacity usage 1s in
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2

the form of a number of a specific resource, such as a number
of Radio Resource Control (RRC) connected users, an
amount of Mbits/second, a number of physical resource
blocks, etc. Often a grace period 1s used for a license. The
concept ‘grace period’ refers to methods and mechanisms for
enabling the operators of telecommunication networks to use
soit capacity license limits. When a capacity license limit 1s
reached and exceeded, a time-limited grace period is started.
After the time limit has passed, the capacity license 1s
enforced, unless an increase 1n the capacity license 1s pur-
chased and 1nstalled or activated. In that case, the grace period
1s reset and 1t will be possible for the operator to use the grace
period again with the new licensed capacity level or new
amount of capacity usage.

Existing grace period solutions are not guaranteed to auto-
matically provide the intended usefulness for telecom opera-
tors, since a grace period may be triggered in the wrong
situations. Examples of wrong situations are capacity usage
spikes, as opposed to prolonged and sustained capacity usage
INCreases.

SUMMARY

It 1s therefore an object of embodiments herein to provide
an improved way of handling licensed capacity usage.

According to a first aspect, the object 1s achieved by a
method 1n a telecom node for controlling a grace period
associated with a licensed capacity usage in the telecom node.
The telecom node 1s comprised in a cellular telephone net-
work. The licensed capacity usage 1s associated with a capac-
ity license limit. The telecom node measures over a specific
amount of time, the capacity usage 1n the telecom node over-
shooting the capacity license limit. When the measured
capacity usage exceeds a preset value of an allowed capacity
usage overshoot, the telecom node triggers a grace period of
the licensed capacity usage at an expiry of the specific amount
of time. During the grace period capacity usage overshoot 1s
allowed. Upon expiry of said grace period the licensed capac-
ity usage 1s enforced according to the capacity license limait
unless the licensed capacity usage 1s increased.

According to a second aspect, the object 1s achieved by a
telecom node for controlling a grace period associated with a
licensed capacity usage in the telecom node. The telecom
node 1s comprised i a cellular telephone network. The
licensed capacity usage 1s associated with a capacity license
limit. The telecom node comprises a control processor con-
figured to measure over a specific amount of time, the capac-
ity usage 1n the telecom node overshooting the capacity lic-
cncc license limit. The control processor 1s further configured
to, when the measured capacity usage exceeds a preset value
of an allowed capacity usage overshoot, trigger a grace period
of the licensed capacity usage at the expiry of the specific
amount of time. During the grace period capacity usage over-
shoot 1s allowed. Upon expiry of said grace period the
licensed capacity usage 1s enforced according to the capacity
license limit unless the licensed capacity usage 1s increased.

Since the overshoot of capacity usage 1s measured over a
time period, 1.e. over a specific amount of time, 1nstead of
instantaneously, the triggering of the grace period 1s avoided
in unwanted situations such as small usage spikes, which
results 1n an 1mproved way of handling licensed capacity
usage.

A further advantage with embodiments herein 1s that 1t
allows operators to use the grace period for knowing how
large capacity usage a specific node needs a license for, to
operate at 1its maximum potential. Manual handling of such



US 8,948,722 B2

3

situations can thus be avoided, lowering the both operators’
and telecom vendors’ administration costs.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s described 1n more detail with reference to
attached drawings illustrating exemplary embodiments of the
invention and 1n which:

FIG. 1 1s a schematic block diagram 1illustrating a cellular
telephone network in which embodiments herein are imple-
mented.

FI1G. 2 1s a flowchart 1llustrating embodiments of a method.

FIG. 3 1s a schematic block diagram illustrating states of a
grace period.

FI1G. 4 1s a diagram depicting embodiments of a method.

FIG. 5 1s a diagram depicting embodiments of a method.

FIG. 6 1s a schematic block diagram 1llustrating embodi-
ments of a network.

FIG. 7 1s a schematic block diagram 1llustrating embodi-
ments of a telecom node.

DETAILED DESCRIPTION

An mtention of embodiments herein 1s to provide flexibil-
ity and to allow operators to see the capacity usage levels of
telecom nodes 1n their telecom networks, and so that the
telecom nodes can obtain the appropriate capacity usage
licenses for license-controlled nodes.

Some embodiments herein comprise a secure function for
determining when the operator will get a reset of the grace
period. With such a function, the risks of misuse are far less.

Embodiments are exemplified in the following non-limait-
ing description.

FIG. 1 depicts a cellular telephone network 100 1n which
embodiments herein may be implemented. The communica-
tions system 100 may be an LTE communications system,
radio access network (RAN), a WCDMA RAN, a Global
System for Mobile communication (GSM) RAN, or any other
wireless communications system.

The cellular telephone network 100 comprises a telecom
node 110. The telecom node 110 may be a radio base station
such as an eNB, eNodeB or any other network unit capable of
communicating over radio carriers with user equipments 120
being present 1n cell 125, which cell 125 1s served by the
telecom node 110.

The telecom node 110 is capable of communicating with
the user equipments 120 1n the cell 125 over the radio carrier,
1.¢. over uplink (UL) and downlink (DL) channels. The user
equipments 120 may be terminals, e.g. mobile terminals or
wireless terminals, mobile phones, computers such as e.g.
laptops, Personal Digital Assistants (PDA), or any other radio
network units capable of communicating with a telecom node
such as a base station over an air interface.

For communicating with the user equipments 120 over the
air interface, capacity usage 1s required 1n the telecom node
110, therefore the telecom node 110 1s arranged to obtain
licensed capacity usage from an operator of the cellular tele-
phone network 100 such as e.g. from an Operational Support
Systems (OSS) node of the operator. The licensed capacity
usage 1s associated with a capacity license limit. This means
that the telecom node 110 can communicate with the user
equipments 120 using capacity up to the capacity license
limit. The capacity license limit may for example be associ-
ated with a specific number of users, 1.e. of user equipments
120 communicating at the same time, how much bandwidth
in Mbait/s of simultaneous data throughput the telecom node
110 1s allowed to have, or how many Watts of output power
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4

the telecom node 110 1s allowed to transmit with. The number
of user equipments 120 communicating with the telecom
node 110 at the same time varies over time, therefore capacity
usage also varies over time.

Embodiments herein relating to a method 1n the telecom
node 110 for controlling a grace period associated with a
licensed capacity usage 1n the telecom node 110 will now be
described with reference to the flowchart depicted in FIG. 2.
As mentioned above, the telecom node 110 1s comprised in
the cellular telephone network 100, and the licensed capacity
usage 1s associated with a capacity license limut.

The telecom node 110 1s communicating with a number of
user equipments 120 applying capacity usage that varies over
time depending on the number of communicating user equip-
ments 120 and what resources they require for the communi-
cation. The method comprises the following steps, which
steps may as well be carried out 1n another suitable order than

described below.

Step 201

The telecom node 110 uses a grace period control mecha-
nism that mnvolves monitoring the momentary capacity usage
in the telecom node 110. Theretfore, 1n this step, the telecom
node 110 measures in the telecom node 110, the capacity
usage overshooting the capacity license limit. The measure-
ment 1s performed over a specific amount of time. This time
period may e.g. be one hour, 24 hours, 48 hours, seven days or
whichever timeframe 1s deemed most relevant for showing
consistent usage. According to some embodiments, the tele-
comnode 110 may keep a list of the limited licensed resource,
1.€. the capacity license limit, so that the capacity usage over-
shooting the capacity license limit can be collected and mea-
sured.

In some embodiments, the telecom node 110 1s a base
station. In these embodiments, this step ol measuring 1s based
on determining a load of the base station by monitoring a
builer status in the base station.

The telecom node 110 may be an eNodeB 1n a telecom
network according to LTE. In one embodiment this step of
measuring may be based on counting resource blocks and/or
resource elements transmitted 1n a subirame, frame, or group
of frames.

In other embodiments this step of measuring i1s based on
counting the number of use equipments 120 connected to the
cNodeB.

The artisan will understand, of course, that the measure-
ments may be arranged to be done remotely, which 1s to say
that one node may monitor the capacity usage of another
node, although doing so may affect the available capacity
usage of either or both such nodes.

Step 202

For a prolonged and sustained capacity usage increase, the
grace period 1s triggered by the telecom node 110. Upon
expiry ol the grace period, the licensed capacity usage is
enforced, whereby the available capacity 1s locked to the
licensed level, 1.e. the capacity license limit, unless an
increase 1n the capacity license limit 1s obtained, 1.e. pur-
chased, and installed.

Therefore, when the measured capacity usage exceeds a
preset value of an allowed capacity usage overshoot, the
telecom node 110 triggers the grace period of the licensed
capacity usage. This 1s performed at the expiry of the specific
amount of time. During this grace period capacity usage
overshoot is allowed. But as mentioned above, upon expiry of
this grace period the licensed capacity usage 1s enforced
according to the capacity license limit unless the licensed
capacity usage 1s increased.
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This means that by gathering data of capacity usage over-
shoot over a specific time period, and comparing the mea-
sured capacity usage overshoot to a preset value of allowed
capacity usage overshoot at the end of the time period or the
specific amount of time to determine whether the grace period
should be triggered, triggering of the grace period 1n
unwanted situations, such as small capacity usage spikes, can
be avoided.

Therefore, this ensures that the grace period cannot be
abused by manipulating the capacity license limit to get a
turther grace period, while at the same time it benefits the
customer by allowing several small increases in licensed
capacity usage to eventually, when the threshold has been
reached, correctly trigger a reset of the grace period. If several
small increases would be made without such a threshold, the
grace period reset would not be triggered even 11 the sum ot all
smaller increases would amount to a valid reset of the grace
period.

Step 203

This 1s an optional step. According to some embodiments,
when a grace period has expired, anew grace period cannot be
triggered unless the licensed capacity usage for the telecom
node has been increased by at least a minimum increase
threshold.

Therefore, when the licensed capacity usage has been
increased by at least the minimum increase threshold, the
telecom node 110 resets the triggered and/or expired grace
period to enable that the grace period 1s triggered again. The
mimmum increase threshold may e.g. be expressed as a per-
centage ol an original licensed capacity usage that was valid
before the latest triggering of the grace period.

Step 204

In some embodiments, the telecom node 110 saves, or
stores the increased licensed capacity usage as an original
licensed capacity usage, each time a successiul step of reset-
ting 1s performed. This may be a prerequisite for enabling the
reset functionality described 1n step 203.

The grace period control mechanism will now be discussed
more 1n detail. As can be understood from the text above,
there may be three states of the grace period, not triggered,
triggered, and expired. This 1s schematically illustrated in
FIG. 3

A grace period control mechanism may advantageously
comprise at least two parts, a trigger and a reset mechanism.

The Trigger

To avoid triggering the grace period 1n unwanted situations
such as e.g., small/brief usage spikes, etc., the triggering
mechanism that gathers data of capacity usage overshoot over
a specific amount of time (1), see FIG. 4, and the following
equation that gives the overshoot 1s provided in some embodi-
ments.

Overshoot|percent| =

i b b

N
Z max(measuredCapacityk, licensedCapacity)

= _ _ —1]-100
A\ N -licensedCapacity ) )

In FIG. 4, the horizontal axis represents time, with a verti-
cal dashed line indicating the end of a measurement interval T
that started at the origin, and the vertical axis represents
capacity usage of the telecom node 110. As shown, capacity
usage excursions above and below the capacity license limit
representing 100% licensed capacity usage occurred during,
the measurement interval. In the equation, N 1s the total
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number of k capacity usage measurements measuredCapaci-
tyk made during the measurement interval, licensedCapacity
1s the licensed capacity usage, 1.e. 100% 1n FIG. 4, and max(.)
1s a function that returns the maximum value in the set of
values (.).

When the time T has expired, the measured capacity usage
overshoot 1s compared to a preset threshold value of allowed
capacity usage overshoot. If the measured usage overshoot
exceeds this preset threshold value, the grace period 1s trig-
gered,

The Reset Mechanism

When the grace period has been triggered and/or expired,
the mechanism also provides a way of resetting that state to
not triggered, and enabling a new grace period to be triggered.
This can be done by increasing the licensed capacity usage for
the telecom node 110.

To ensure that this reset functionality 1s not misused, a
minimum increase threshold e.g., expressed as a percentage
of the original licensed capacity usage that was valid before

the latest triggering of the grace period, 1s required to allow a
reset.

Each time a successtul reset 1s done, the increased licensed
capacity usage may be saved as the original licensed capacity
usage. This ensures that small, repetitive increases in licensed
capacity usage do not fail to eventually trigger a reset. Also,
this ensures that 1t 1s not possible to first decrease and then
increase the capacity license limit to trigger a false reset of the
grace period. The original licensed capacity usage may be
saved or stored as read only or secured 1n any other way.

InFIG. 5, a diagram 1llustrating an example of a scenario of
licensed capacity usage and grace period state behaviour over
time 1n the telecom node 110 1s shown. In FIG. 5, the hori-
zontal axis represents time, and the vertical axis represents
capacity usage of the telecom node 110, expressed in number
of connected users (#CU). The capacity license limit 1s rep-
resented by horizontal lines, and the real capacity usage 1s
represented by the curve 500.

The telecom node 110 has obtained licensed capacity
usage being associated with a capacity license limit A.

Point 1

The telecom node 110 has measured the capacity usage
overshoot according to the capacity license limit A over a
specific amount of time. The measured capacity usage has
exceeded the preset threshold value of allowed capacity usage
overshoot and therefore the grace period 1s triggered at point
1.

Point 2

The telecom node 110 obtains more capacity usage such
that the licensed capacity usage 1s increased to a capacity
license limit B. In this example, the licensed capacity usage
has been increased by more than the mimmum increase
threshold. This means that the telecom node 110 resets the
triggered grace period to the not triggered state, to enable
triggering the grace period again.

Point 3

The telecom node 110 has measured the capacity usage
overshoot according to the capacity license limit B over the
specific amount of time. The measured capacity usage has
exceeded the preset value of allowed capacity usage over-
shoot and therefore the grace period 1s triggered again at point
3. During this grace period capacity usage overshoot is
allowed.

Point 4

No more capacity usage 1s obtained by the telecom node
110. The usage capacity 1s still limited to capacity license
limit B. During this grace period capacity usage overshoot 1s
still allowed but the grace period 1s almost over
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Point 5

The grace period 1s over at point 5, and upon expiry of the
grace period the licensed capacity usage 1s enforced accord-
ing to the capacity license limit B, which means that capacity
usage overshoot 1s not allowed any more.

Point 6

Now a little bit more licensed capacity usage 1s obtained by
the telecom node 110, so that the new capacity license limit 1s
C. But this time the licensed capacity usage has been
increased less than the minimum increase threshold. This
means that the triggered grace period cannot be reset by the
telecom node 110, and therefore triggering the grace period
again 1s not possible.

Point 7

At this point, further more licensed capacity usage 1s
obtained by the telecom node 110, so that the new capacity
license limit 1s D. Now the licensed capacity usage has been
increased by more than the mimimum increase threshold. This
means that it 1s possible to reset the triggered grace period by
the telecom node 110, to enable triggering the grace period
again.

The telecom node 110 may inform the operator, such as the
OSS node, of key occurrences related to grace periods. These
events may be triggered at certain points 1n time, such as when
a grace period 1s triggered and thus started, when a specific
part, e.g. 80%, of the grace period has passed, when a grace
period has ended, increased licensed capacity usage, and/or
when a grace period has been successtully reset.

There are several advantages of embodiments presented
herein including one or more of:

Operator ifriendly behavior—does not trigger on one-time

capacity usage spike

Protected against misuse—because of reset threshold.

FIG. 6 depicts a typical cellular communication system 10
such asa WCDMA communication system. However as men-
tioned above embodiments herein may also be implemented
in ¢.g. a GSM, an LIE or any other wireless communication
system. Radio network controllers (RNCs) 12, 14 controls
various radio network functions, including for example radio
access bearer setup, diversity handover, etc. In general, each
RINC directs calls to and from a User Equipment (UE), such
as the user equipment 120, a mobile station (MS), mobile
phone, or other remote terminal, via appropriate Base Sta-
tion(s) (BSs) such as the telecom node 110, which commu-
nicate with each other through DL or forward channels, and

UL, or reverse channels. In FIG. 6, RNC 12 1s shown coupled
to BSs 16, 18, 20, and RNC 14 1s shown coupled to BSs 22,

24, 26.

Each BS, or eNodeB 1n an LIE system, serves a geographi-
cal area that 1s divided 1nto one or more cell(s). In FIG. 6, BS
26 1s shown as having five antenna sectors S1 S5, which can
be said to make up the cell of the BS 26, although a sector or
other area served by signals from a BS can also be called a
cell. In addition, a BS may use more than one antenna to
transmit signals to a UE. The BSs are typically coupled to
their corresponding RNCs by dedicated telephone lines, opti-
cal fiber links, microwave links, etc. The RNCs 12, 14 are
connected with external networks such as the Public
Switched Telephone Network (PSTN), the internet, efc.
through one or more core network nodes, such as a mobile
switching centre (not shown) and/or a packet radio service
node (not shown).

It will be understood that the arrangement of functional-
ities depicted 1n FIG. 6 can be modified in 3G LTE and other
communication systems. For example, the functionality of
the RNCs 12, 14 can be moved to the eNodeBs 22, 24, 26, and

other functionalities can be moved to other nodes in the
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network. It will also be understood that a base station can use
multiple transmit antennas to transmit information into a
cell/sector/area, and those different transmit antennas can
send respective, different reference signals such as pilot sig-
nals.

FIG. 7 1s a block diagram of a portion of the telecom node
110 such as an eNodeB (eNB), which is typical ol the BSs and
other such nodes in the network that can measure capacity
usages and implement the methods described above. It will be
appreciated that the functional blocks depicted 1n FI1G. 7 may
be combined and re-arranged 1n a variety of equivalent ways,
and that many of the functions can be performed by one or
more suitably programmed electronic digital processors and
other known electronic circuits.

The telecom node 110 1s operated by a control processor
702, which typically and advantageously 1s a suitably pro-
grammed electronic processor. The control processor 702
typically provides and receives control and other signals,
including capacity usage measurements or reports, {rom vari-
ous devices 1n the telecom node 110. For simplicity in FIG. 7,
the control processor 702 1s shown exchanging information
with a scheduler and selector 704, which receives digital
words to be transmitted to respective user equipments 120 or
to be broadcast from a suitable data generator 706. The sched-
uler and selector 704 implements resource block and resource
clement (RB/RE) scheduling and selection in an LTE system,
for example, and implements code allocation in a WCDMA/
HSPA system, for example.

To pertorm the method steps above for controlling a grace
period associated with a licensed capacity usage 1n the tele-
com node 110, the telecom node 110 comprises the following
arrangement. As mentioned above, the telecom node 110 1s
comprised 1n a cellular telephone network 100. The licensed
capacity usage 1s associated with a capacity license limiat.

The control processor 702 1n the telecom node 110 1s
configured to measure over a specific amount of time, the
capacity usage in the telecom node 110 overshooting the
capacity license limit.

The control processor 702 1s further configured to trigger a
grace period of the licensed capacity usage at the expiry of the
specific amount of time when the measured capacity usage
exceeds a preset value of an allowed capacity usage over-
shoot. During the grace period capacity usage overshoot 1s
allowed, and upon expiry of said grace period the licensed
capacity usage 1s enforced according to the capacity license
limit unless the licensed capacity usage 1s increased.

The control processor 702 may further be configured to
reset the triggered and/or expired grace period, when the
licensed capacity usage has been increased by at least a mini-
mum 1ncrease threshold. This 1s to enable the grace period to
be triggered again.

The control processor 702 may further 1s configured to,
cach time the grace period 1s reset, save or store the increased
licensed capacity usage as an original licensed capacity
usage.

In some embodiments, when the telecom node 110 1s a base
station 1n a telecom network, the control processor 702 may
turther 1s configured to perform said measurement of capacity
usage based on determining a load of the base station by
monitoring a bulfer status in the base station,

In some embodiments, when the telecom node 110 1s an
¢NodeB 1 a telecom network according to the LTE, the
control processor 702 may further be configured to perform
said measurement based on counting resource blocks and/or
resource elements transmitted 1n a subiframe, frame, or group
of frames, or measure the capacity usage based on counting
the number of user equipments connected to the eNodeB.
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Hence, the control processor 702 may be configured to
monitor the capacity usage of the telecom node 110 such as
the eNB, which may be determined in a number of suitable
ways. For example, the Resource Blocks (RBs) and Resource
Elements (REs) transmitted in a sub-frame, frame, or group
of them 1n a LTE system may be counted, and the capacity
usage measurement can be based thereon. A processor such as
the control processor 702 may also be configured as a traific
analyzer that determines the load on a the telecom node 110
by monitoring the builer status without the restrictions of the
capacity license limit, e.g., how much data 1s waiting for
available bandwidth to be transmitted to all connected user
equipments 120 in relation to the number of RBs and REs
being and recently transmitted, and based on that, determine
the capacity usage. Based on capacity usage measurements,
the processor 702 implements the methods described above.

Information from the scheduler and selector 704 1s pro-
vided to a modulator 708 that uses the information to generate
amodulation signal suitable for the particular communication
system. For example, the modulator 708 1n an LTE system 1s
an OFDM modulator. The modulation signal generated by the
modulator 708 1s provided to a suitable radio circuit 710 that
generates a wireless signal that 1s transmaitted through at least
one transmit antenna 712. Wireless signals transmitted by
user equipments 120 are captured by at least one receive
antenna 714 that provides those signals to the radio 710 and a
demodulator 716. The artisan will understand that the same
antenna may be used for transmission and reception in the
telecom node 110, as 1s often done 1n a user equipment.

It will be understood that the control processor 702 can be
configured such that it includes one or more other devices
depicted in FI1G. 7, which may be implemented by dedicated
programmed processors or other suitable logic configured to
perform their functions. The combination of the data genera-
tor 706, scheduler and selector 704, and modulator 708 pro-
duces DL frames or sub-frames to be transmitted. The modu-
lator 708 converts the information into modulation symbols
that are provided to the radio 710, which impresses the modu-
lation symbols on one or more suitable carrier signals. In an
LTE system for example, the radio 710 impresses the modu-
lation symbols on a number of OFDM subcarriers. The modu-
lated subcarrier signals are transmitted through the antenna
712.

It will be appreciated that the functional blocks depicted in
FIG. 7 can be combined and re arranged in a variety of
equivalent ways, and that connections among and 1informa-
tion provided or exchanged by the functional blocks can be
altered 1n various ways to enable a telecom node to implement
the methods described above and other methods involved in
the operation of the node 1n a digital communication system.

The control umit and other blocks of the telecom node 110
may be implemented by one or more suitably programmed
clectronic processors, collections of logic gates, etc. that pro-
cess information stored in one or more memories. The stored
information can include program instructions and data that
enable the control unit to implement the methods described
above. It will be appreciated that the control unit typically
includes timers, etc, that facilitate 1ts operations.

It will be appreciated that procedures described above are
carried out repetitively as necessary, for example, to respond
to the time-varying nature ol communication channels
between transmitters and receivers, 1n addition, 1t will be
understood that the methods and apparatus described here can
be implemented 1n various telecom nodes.

Moreover, the embodiments herein may additionally be
considered to be represented entirely within any form of
computer-readable storage medium having stored therein an
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appropriate set of instructions for use by or 1n connection with
an 1istruction-execution system, apparatus, or device, such as
a computer-based system, processor-containing system, or
other system that can fetch instructions, from a storage
medium and execute the instructions. As used here, a “com-
puter-readable medium” can be any means that can contain,
store, or transport the program for use by or 1n connection
with the instruction-execution system, apparatus, or device.
The computer-readable medium can be, for example but not
limited to, an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system, apparatus, or device.
More specific examples to non-exhaustive list) of the com-
puter-readable medium include an electrical connection hav-
Ing one or more wires, a portable computer diskette, a ran-
dom-access memory (RAM), aread-only memory (ROM), an
erasable programmable read-only memory (EPROM or Flash
memory), and an optical fiber.

Thus, the embodiments herein may be embodied 1n many
difterent forms, not all of which are described above, and all
such forms are contemplated to be within the scope of the
invention. For each of the various aspects of the invention, any
such form may be referred to as “logic configured to” perform
a described action or alternatively as “logic that” performs a
described action.

The mvention claimed 1s:

1. A method, implemented 1n a telecom node of a cellular
telephone network, for controlling a grace period associated
with a licensed capacity usage in the telecom node, wherein
the licensed capacity usage 1s associated with a capacity
license limit, the method comprising:

measuring, over a specific amount of time, the capacity

usage 1n the telecom node overshooting the capacity
license limit based on at least one of determining a load
of the telecom node, counting a number of user equip-
ments communicating with the telecom node, and deter-
mining an amount of a resource used 1 the communi-
cation with the user equipments;

in response to the measured capacity usage overshooting

the capacity license limit by exceeding a preset value of
an allowed capacity usage overshoot, triggering a grace
period of the licensed capacity usage at the expiry of the
specific amount of time, during which grace period
capacity usage overshoot 1s allowed; and

upon expiry of the grace period, enforcing the licensed

capacity usage of the telecom node according to the
capacity license limit unless the licensed capacity usage
1s 1ncreased.

2. The method of claim 1, further comprising resetting the
grace period in response to the licensed capacity usage being
increased by at least a minimum 1ncrease threshold to enable
the grace period to be triggered again.

3. The method of claim 2, further comprising saving the
increased licensed capacity usage as an original licensed
capacity usage each time the grace period 1s reset.

4. The method of claim 1, wherein:

the telecom node comprises a base station;

the determining of the load of the telecom node comprises

determining a load of the base station by monitoring a
bufter status 1n the base station; and

the measuring of the capacity usage overshooting the

capacity license limit comprises measuring the capacity
usage overshooting the capacity license limit based on
the determined load of the base station.

5. The method of claim 1, wherein:

the telecom node comprises a Long Term Evolution eNo-

deB:




US 8,948,722 B2

11

the determining of the amount of the resource used 1n the
communication with the user equipments comprises
determining at least one of a number of resource blocks
and a number of resource elements transmitted 1n a
subirame, frame, or group of frames; and

the measuring of the capacity usage overshooting the
capacity license limit comprises measuring the capacity
usage overshooting the capacity license limit based on at
least one of the determined number of resource blocks
and the determined number of resource elements trans-
mitted 1n the subirame, frame, or group of frames.

6. The method of claim 1, wherein:

the telecom node comprises a base station;

the counting of the number of user equipments communi-

cating with the telecom node comprises counting the
number of user equipments connected to the base sta-
tion; and

the measuring of the capacity usage overshooting the

capacity license limit comprises measuring the capacity
usage overshooting the capacity license limit based on
the counted number of user equipments connected to the
base station.

7. A telecom node 1 a cellular telephone network, the
telecom node for controlling a grace period associated with a
licensed capacity usage in the telecom node, wherein the
licensed capacity usage 1s associated with a capacity license
limat, the telecom node comprising a control processor con-
figured to:

measure, over a specific amount of time, the capacity usage

in the telecom node overshooting the capacity license
limit, wherein the control processor 1s configured to
measure the capacity usage overshooting the capacity
license limit based on at least one of a determined load of
the telecom node, a counted number of user equipments
communicating with the telecom node, and a deter-
mined amount of a resource used 1n the communication
with the user equipments;

in response to the measured capacity usage overshooting

the capacity license limit by exceeding a preset value of
an allowed capacity usage overshoot, trigger a grace
period of the licensed capacity usage at the expiry of the
specific amount of time, during which grace period
capacity usage overshoot 1s allowed; and
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upon expiry of the grace period, enforce the licensed
capacity usage according to the capacity license limait
unless the licensed capacity usage 1s increased.

8. The telecom node of claim 7, wherein the control pro-
cessor 1s further configured to reset the grace period 1n
response to the licensed capacity usage being increased by at
least a minimum increase threshold to enable the grace period
to be triggered again.

9. The telecom node of claim 8, wherein the control pro-
cessor 1s further configured to save the increased licensed
capacity usage as an original licensed capacity usage each
time the grace period 1s reset.

10. The telecom node of claim 7, wherein:

the telecom node comprises a base station;

the determined load of the telecom node comprises a load

of the base station determined by monitoring a bulfer
status 1n the base station; and

the control processor 1s further configured to measure the

capacity usage overshooting the capacity license limait
based on the determined load of the base station.

11. The telecom node of claim 7, wherein:

the telecom node comprises a Long Term Evolution eNo-

deB;

the determined amount of the resource used 1n the commu-

nication with the user equipments comprises at least one
of a number of resource blocks and a number of resource
clements transmitted 1n a subirame, frame, or group of
frames; and

the control processor 1s further configured to measure the

capacity usage overshooting the capacity license limit
based on at least one of the determined number of the
resource blocks and the determined number of the
resource elements transmitted 1in the subframe, frame, or
group of frames.

12. The telecom node of claim 7, wherein:

the telecom node comprises a base station;

the counted number of user equipments communicating

with the telecom node comprises a counted number of
user equipments connected to the base station; and

the control processor 1s further configured to measure the

capacity usage overshooting the capacity license limait
based on the counted number of user equipments con-
nected to the base station.
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